Abstract Combination of middle and inner ear anomaly is extremely rare. We describe a case where there was inner and middle ear anomaly on the right side and inner ear anomaly on the left side. This patient also had anomalous interposition of air cells between the middle and inner ear on the right side which precluded the use of cochlear implant. No such findings have been reported till date to the best of our knowledge.
Introduction
Combination of middle and inner ear anomaly is extremely rare. We describe a case where there was inner and middle ear anomaly on the right side and inner ear anomaly on the left side. In the present era of cochlear implantation, radiologist and cochlear implant surgeons should be aware of such abnormality to avoid failure of cochlear implantation.
Case Report A 3 year old girl was brought to the department of Otorhinolaryngology by her parents with complaints of poor response to sound since birth. Antenatal, natal and postnatal history was uneventful. There was history of delayed milestones. Subsequently the child had been fitted with hearing aids for both the ears at 2 years of age following which the child started understanding sounds and obeying commands but could not deliver speech. On local examination, right ear was smaller than the left. Audiometry evaluation revealed bilateral profound sensorineural hearing loss, right more than left. High Resolution Computed Tomography (HRCT) and Magnetic Resonance Imaging (MR imaging) of bilateral temporal bones were performed.
HRCT and MR Imaging Findings

Right Side
The external auditory canal was normal. Anomalous interposition of air cells between the middle and inner ear was present ( Fig. 1A-E) . The middle ear ossicles were hypoplastic especially the stapes (Fig. 1D) . Oval window was atretic (Fig. 1D) . Cochlea was hypoplastic and showed only two turns (Figs. 1F and 2A, B) . Lateral semicircular canal was replaced by a rudimentary cavity (Figs. 1F and 2A, B) . Superior and posterior semicircular canal was hypoplastic ( Fig. 2A, B) . Hyperpneumatisation of mastoid and hypo tympanum was noted.
Left Side
External auditory canal and middle ear were unremarkable. Lateral semicircular canal was replaced by a rudimentary cavity (Figs. 1F and 2C ). Superior and posterior semicircular canal were hypoplastic (Fig. 2C, D) . Cochlea was hypoplastic and showed only two turns (Fig. 2C, D) .
As there was mild hearing present on left side, the parents were counseled for exploratory cochleostomy followed by cochlear implantation on right side. Right cortical mastoidectomy was performed. Facial nerve was seen to be displaced more posteriorly. Long process of incus was absent. Stapes and lateral semicircular canal were rudimentary. Body of incus and malleus was present. Medial wall of middle ear was featureless and the bulge of promontory was not seen. Round and oval window was not seen. Cochleostomy was attempted through the posterior mesotympanum through the medial wall. It was found to be a blind end. Cochleostomy was attempted below horizontal facial nerve in an anterior location at two sites. However cochlea could not be located and the procedure was abandoned. The anomalous air cells interposed between the middle and inner ear cavity obscured the anatomy and prevented cochlear implantation. The patient got subsequently managed conservatively by hearing aids.
Discussion
An adult ear comprises of external ear, middle ear and an inner ear. Development of temporal bone comprises of two separate precursors. Pars branchialis develops from the first and second branchial arches, first branchial grove and the adjacent mesenchyme. Pars otica develops from the auditory vesicle and its adjacent mesenchyme. Therefore the development of the external and middle ear is independent of the development of the inner ear. As the development of external and the middle ears are linked closely external ear malformations are closely associated with middle ear abnormalities and vice versa. One portion of the ear may be grossly malformed with the other portion being normal [1] [2] [3] [4] . Inner ear malformations occur independently. Mesenchyme is involved in the development of all portions of the ear and so combined malformations do occur. Some of the otocranio-facial dysplasias and toxic emryopathy secondary to thalidomide ingestion are a few examples.
External ear malformations are called as congenital aural dysplasias (CAD). CAD can occur concomitantly with middle ear abnormalities because of the common embryologic origins. Isolated anomalies of the ossicular chain and the middle ear cavity without external auditory canal stenosis are very rare.
Inner ear anomalies were originally classified based on discrete histopathological patterns described by various investigators [5] . Congenital malformation of inner ear comprises of (a) malformation with pathological changes confined to the membranous labrynth. They have radiographically normal inner ear.(b) malformations involving both the osseous and membranous labrynth -these patients have abnormal inner ears radiographically and are diagnosed during life.
Jackler et al. has described a series of patients with radiographically detectable malformations of the inner ear in which cochlea was involved in 76 %,semicircular canals in 39 %, and vestibular aqueduct in 32 % of the cases. Inner ear anomalies comprises of: be enlarged when the width is more than 1.5 mm measured at the midpoint of the common crus and external aperture. This is the most common inner ear abnormality.
Temporal bone pneumatisation can be seen at 24 weeks of gestation [6] [7] [8] [9] [10] [11] while some claim that they are present at birth [12] [13] [14] [15] [HRCT} and MRI are now the major imaging method to define the morphology of the temporal bone prior to cochlear implantation. Our patient had air cells interposed between the tympanic cavity and inner ear which is not so far been described.
Conclusion
HRCT of temporal bone and MR imaging of cochlea play a vital role in preoperative imaging, giving a detailed insight into the morphology ofthe middle and inner ear. In the present era of cochlear implantation, radiologist and cochlear implant surgeons should be aware of such abnormality to avoid failure of cochlear implantation. 
